C O N T R I B U T I O N S
For the Parkes observations a succession of pulses lasting several minutes was integrated by means of a 400-channel sequential integrating unit driven from a time base derived from a high-stability frequency synthesizer. The period of the time base was set to the known period of the source after allowing for the motion of the Earth. At 80 and 150 MHz several such integrations were averaged to produce the pulse shapes shown. The observing bandwidth was limited to 100 kHz at these lower frequencies to reduce the smearing effect of dispersion. In Figure 1 the leading edges of the pulses at the different frequencies have been arbitrarily aligned.
From Figure 1 it appears that the average pulse shape for CP 1919 is triple with the leading sub-pulse dominating at all frequencies and the following sub-pulses spaced at intervals of 10-15 ms. As the frequency increases through 408 MHz the third sub-pulse grows relative to the second. From an examination of individual pulses, Drake 3 has also noted the triple structure for CP 1919. In the case of CP 0950 there is no obvious change of pulse shape between 150 MHz and 408 MHz. The cleft at the pulse peak at 150 MHz is real, since it appears on all integrations with good signal-to-noise ratio, and this suggests that the pulse may be double. There is also a suggestion of a cleft in the 408 MHz pulse. The CP 1133 pulse is markedly double at all frequencies, but the spacing increases with increasing wavelength. This effect has been independently noted by Craft and Cornelia. 4 The present results appear to contradict an interesting idea recently advanced by Drake and Craft. 8 According to these writers, there is in addition to the well known and very stable period between main pulses, which they call P 1 , a second period, P 2 , associated with the sub-pulses. This second period is less stable and considerably shorter than P t and incommensurate with it. To explain the double periodicity they suggest that the source is a pulsating and rotating neutron star emitting highly-beamed radiation. They identify P x with the rotation period and P 2 with the pulsation period. This idea leads us to expect the subpulses within successive main pulses to show a systematic and continuous change in their arrival times relative to a time base with a period P x . Therefore the coherent integration we have carried out should completely obliterate the sub-pulse structure. It is clear, however, from Figure 1 that this has not occurred either for CP 1919 or for CP 1133.
Another result yielded by the coherent integration technique was a mean pulse energy for CP 0950 at 5000 MHz. From several integrations each of about 1000 pulses this was found to be (6 ± 2) x 10-30 J m~2 
Pulsar Amplitude Variations
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Pulsars display a complicated pattern of amplitude variations . The scale of variations range from months 1 through hours 2 to sub-milliseconds. 3 The purpose of this note is to present polarization data for CP 1919 and intensity distribution data for PSR 0833-45 which are relevant to pulse-to-pulse variations and the variation over periods of hours respectively.
The pulsar CP 1919 was observed at Parkes 4 soon after the announcement of the original discovery. One of the observations was to observe simultaneously the total power and linear polarization (power difference) in crossed dipoles at 150 MHz. On occasions when the total power pulses were strong, pulses in the polarization channel would appear. These pulses indicate that at times very strong pulse-to-pulse polarization exists. A tracing of a record is shown in Figure 1 . Particularly interesting is the observation which indicates that a sudden disappearance of a pulse during a burst in the total power channel occasionally results in a strong polarization pulse. This indicates that linear polarization may be responsible for such disappearances.
Variations with a time scale of hours have been observed and discussed by a number of authors.
2 -5 > 6 It appears that the exponential distribution of pulse amplitudes can be explained in terms of 'strong' or 'thick screen' scintillations. A typical histogram of pulse amplitudes for source PSR 0833-45 observed at Molonglo 7 is shown in Figure 2 . Similar histograms have been drawn for strong pulsars CP 191 V> • CP 0950 and CP 1133 8 at 150 MHz, 430 MHz, 630 MHz and 2295 MHz. A rather surprising result is that all these pulsars at all the observing frequencies yield a similar histogram-a long tailed exponential distribution. The present source of the deep scintillations is a matter of controversy. Scheuer 5 favours scintillations to be taking place at the source while Lovelace and Craft 6 favour the interstellar medium. From the appearance of amplitudevariation histograms for different pulsars with different dispersion and at widely different frequencies it appears that source scintillation must be favoured.
tkK. Units of pulse Extensive polarization measurements of linear and circular polarization of pulsars appear to be necessary to allow further study of the pulse amplitude variation phenomenon.
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The Physics of Rotating Magnetic
Neutron Stars
P. GOLDREICH
School of Physics, University of Sydney* Gold 1 has suggested that pulsars are rotating neutron stars with strong magnetic fields. We have studied the simplest such model, one having an external dipole field aligned with the rotation axis. Our principal conclusions are:
(1) In spite of its intense surface gravitational field a rotating magnetic neutron star must possess a dense corotating magnetosphere. This region is enclosed by those field lines which are confined within the cylinder of radius 7t = c/Q, where c is the velocity of light and Q is the angular velocity of the star's spin. In the zone of corotation there is a space charge density -1.5 X 10-2 B Z pe' electronic charges per cm 3 , (1) where P is the rotation period in seconds and B z is the ^-component of the magnetic field in Gauss.
(2) Along those polar field lines which extend beyond 7i = c/Q charged particles are accelerated to kinetic energies up to
and escape to infinity. Here R 9 is the stellar radius in units of 10 6 cm, B 0 , 1 2 is the surface polar field strength in units of 10 12 G and Z is the ionic charge. The escaping particles carry away angular momentum (but no net charge) and the star's rotation period, P, lengthens as 
where M is the mass in units of the solar mass. The rotational energy is almost entirely converted into relativistic particles and the total energy loss rate is 
Of course, an axisymmetric model such as this cannot account for the periodic radiation from pulsars. In fact, we have not yet been able to understand even semiquantitatively the origin of their radiated energy. Nevertheless, it is interesting to speculate briefly on some consequences of assuming that the pulsars are non-axisymmetric versions of this model. We find that
